Results: Three hundred and eight patients (median age, 64 years) were included, and 299 experienced complete remission. After a median follow-up of 86 months, 64 patients developed progressive disease, and 104 patients died (43 from lymphoma, three from toxicity, and 58 from other causes). Actuarial overall and progression-free survival (PFS) rates were, respectively, 80% and 81% at 5 years and 63% and 74% at 10 years. For subgroups identified using the Miller modification of the International Prognostic Index (IPI), the overall survival rates at 5 and 10 years were, respectively, 97% and 89% (no factors), 77% and 56% (one or two factors), and 58% and 48% (three or four factors), and the 5-year and 10-year PFS rates were, respectively, 94% and 89% (no factors), 79% and 73% (one or two factors), and 60% and 50% (three or four factors). Men with testicular presentation, had a definitely inferior outcome.
B EFORE 1980, THE standard treatment for patients
with limited-stage large-cell lymphoma, usually after meticulous staging with laparotomy, was irradiation. With this approach, approximately 50% of those with stage I and 20% of those with stage II remained disease-free at 5 years. 1, 2 With the observation that chemotherapy could cure advanced disease, 3 it became attractive to add chemotherapy to the treatment of limited-stage lymphoma. The advantages of the combined modality approach included decreasing the need for invasive staging by eliminating laparotomy, increasing local and systemic control, and decreasing the size of the irradiation field. 4 Preliminary observations that chemotherapy alone could also cure patients with early-stage lymphoma 5 led to a large randomized trial of combined modality treatment versus chemotherapy alone. 6 At a median follow-up of 4.4 years, this trial demonstrated superior progression-free survival (PFS) and overall survival and less life-threatening toxicity in the combined modality arm. Furthermore, by applying a modified International Prognostic Index (IPI), it identified subgroups of patients with different prognoses.
At the British Columbia Cancer Agency, we have been using brief chemotherapy and involved-region irradiation for patients with limited-stage diffuse large-cell lymphoma since 1980. This analysis was conducted to examine the long-term results of this approach and to identify additional prognostic subgroups. We also sought to verify Miller's modification of the IPI in an independent cohort of patients.
PATIENTS AND METHODS
Using the British Columbia Cancer Agency lymphoma database, we found 4,723 patients aged 16 years or more, who were diagnosed with lymphoma in British Columbia between July 1, 1980, and December 31, 1997. One thousand six hundred eight-two of them had diffuse large-cell lymphoma in its various forms (diffuse mixed, diffuse large-cell, and immunoblastic lymphoma in the Working Formulation 7 or diffuse large B-cell lymphoma and its variants, or peripheral T-cell lymphoma and its variants in the World Health Organization [WHO] classification 8 ). Patients with nodal or extranodal stage IA or IIA disease who were sufficiently well to stage and treat were included in this analysis. Patients were excluded if they were known to be HIV positive, if their tumor exceeded 10 cm in largest diameter or could not be encompassed safely in a radiation field, if they presented with primary CNS disease, or if they presented with concomitant other life-threatening malignancies. This report describes the remaining 308 patients identified who were treated uniformly with three cycles of anthracycline-containing chemotherapy, followed by involvedregion irradiation.
Pathology
All biopsy specimens were evaluated in our Division of Pathology by an experienced reference hematopathologist. All cases were reviewed at a multidisciplinary conference with the treating physicians, cancer center radiologists, and reference pathologist in attendance. Diagnoses were initially assigned according to the Working Formulation 7 and included F (diffuse mixed), G (diffuse large), and H (immunoblastic) histologies. Subsequently, classifications were assigned according to the Revised European-American Lymphoma (RE-AL) 9 and WHO 8 classifications. As part of other ongoing studies, 182 original specimens have been reclassified by a single pathologist (R.D.G.) according to the REAL/WHO system.
Staging Procedures
All patients underwent a diagnostic incisional or excisional biopsy. Patients with primary gastrointestinal lymphoma required a laparotomy followed by biopsy and resection, if feasible. Those with testicular lymphoma underwent an inguinal orchiectomy. After diagnostic biopsy, physical examination, complete blood count, screening blood tests of hepatic and renal function, serum lactate dehydrogenase, chest radiograph, computed tomography (CT) scan of the abdomen and pelvis, and unilateral bone marrow aspirate and biopsy were performed for all patients, and detailed histories were obtained. Patients with Waldeyer's ring involvement underwent barium contrast studies of the stomach and small intestine. Patients with stomach involvement received a detailed ear, nose, and throat examination. Patients with sinus involvement underwent CT scanning of the brain, base of skull, and sinuses, along with plain radiographs of the sinuses. Additional diagnostic procedures were performed only if indicated for specific symptoms. All patients were staged according to the Ann Arbor system. orally per day for 4 weeks, followed by a tapering dose during the subsequent 2 weeks, along with standard doses of cotrimoxazole, cimetidine, and ketoconazole. From June 1993 until December 31, 1997, patients were administered a similar regimen (doxorubicin, cyclophosphamide, vincristine, and prednisone[ACOP-6]) in which bleomycin was eliminated, and the remaining IV drugs were administered every 2 weeks for three cycles. The prednisone was changed to 40 mg/m 2 orally daily for 7 days, then every second day for the remaining 5 weeks. The other supportive medications, cotrimoxazole, cimetidine, and ketoconazole, were administered on the same schedule as the prednisone.
Three to 4 weeks after the last dose of chemotherapy, involvedregion irradiation was administered. Before July 1996, the irradiated volume encompassed the entire lymph node region or regions of the initially involved sites, with no attempt to include adjacent uninvolved regions. After this date, the volume was reduced to include the full width of the region at the site of initial lymph node involvement and a margin of 5 cm proximally and distally (but not extending beyond the borders of a conventional mantle or inverted Y field). For those presenting with stage I E disease, only the extranodal site or organ was encompassed, without including the regional nodes. For example, the whole of Waldeyer's Ring or the whole scrotal contents or the stomach was included if any part was involved. Soft tissue lesions, such as skin, were treated with a 3-cm margin. Radiation doses prescribed depended on the volumes of the fields. For smaller volumes, such as unilateral neck, 30 Gy in 10 fractions (during 2 weeks) was used; for larger volumes, 35 Gy in 20 fractions (during 4 weeks) was used. In 4% of cases, protocol violations occurred and 45 Gy in 25 fractions (during 5 weeks) was prescribed. The majority of patients were treated on a 4-MV linear accelerator. Patients with superficial sites were treated with the appropriate radiation modality (electrons 250 KV). Patients with initial sinus or epidural involvement received prophylactic intrathecal chemotherapy (methotrexate 12 mg alternating with cytarabine 50 mg administered twice weekly for a total of 3 weeks) after radiation.
Evaluation of Response and Follow-Up
Complete response was defined as the resolution of all pretreatment lymphoma-related abnormalities after completion of all treatment, chemotherapy, and irradiation. This reassessment included re-evaluation of all initially abnormal laboratory tests, physical examination findings, and radiographs, including CT scans. Some patients with stage I E disease, in particular those with isolated testicular lymphoma who underwent orchiectomy and those with gastric lymphoma who underwent partial gastrectomy, were rendered free of detectable disease by their diagnostic procedure. If they remained free of disease at the conclusion of all treatment, they were also considered to have experienced a complete response. After the completion of therapy, patients were monitored every 3 to 4 months for the first 2 years, every 6 months for the next 5 years, and annually thereafter.
Statistical Analysis
PFS and overall survival were computed by the method of Kaplan and Meier 11 starting from the date of the diagnostic biopsy. Progression was defined as patient response of less than a complete remission, relapse after entering a complete remission, or death from toxicity or lymphoma. All deaths during treatment were considered the result of toxicity, regardless of apparent cause. Survival was calculated from the date of diagnosis to the date of last follow-up or death. Disease-specific survival censored deaths from causes other than toxicity or lymphoma. The statistical analysis of observed differences was assessed by the log-rank test 12 and all P values were two sided.
RESULTS
The main patient characteristics are listed in Table 1 . Sixty percent of patients were male. The median age was 64 years, with a range of 15 to 87 years. Thirty-two percent of patients were 70 years of age or older. There was a predominance of stage I (61%) over stage II disease. Overall, 203 (66%) patients presented with an extranodal site of disease. One hundred and sixty-two of these had only a single site of extranodal disease, and the remaining 41 had locally extensive disease that involved two or more adjacent extranodal sites (ie, sinus, soft tissue, and bone). The most common sites of extranodal disease are shown in Fig 1. Abnormally high lactate dehydrogenase (LDH) was documented in 57 patients, but the median increase in LDH was only 1.15 times the upper limit of normal (range, 1.01 to 4.4).
Pathology
The original Working Formulation histopathologic classification for all 308 patients is shown at the bottom in Table  1 . The majority of patients were diagnosed with diffuse large-cell lymphoma. The revised REAL/WHO classification for the 182 patients who were reviewed as part of other ongoing studies is listed in Table 2 . This subsequent review confirms that the large majority of patients included in this series had diffuse large B-cell lymphoma.
Treatment Response
Treatment was delivered as planned in the majority of patients, although 32 did not receive any irradiation for the following reasons: 17 patients had all their primary disease resected at initial diagnosis (eight with gastric lymphoma, nine with small or large bowel lymphoma) and 15 patients were not irradiated for other reasons (four because of patient refusal, two who were too frail after chemotherapy, two who experienced progressive disease while on chemotherapy, and seven because of unknown reasons reflecting the referring oncologist's preference). Fourteen patients received intrathecal chemotherapy (12 for sinus lymphoma and two for epidural involvement).
Two hundred and ninety-nine patients (97%) achieved complete remission. Of the nine patients who did not, three had no response or disease progression during initial treatment, but one of these patients responded to high-dose chemotherapy and allogeneic bone marrow transplant; two Abbreviations: ACOB, doxorubicin, cyclophosphamide, bleomycin, and vincristine; F, diffuse mixed; G, diffuse large; H, immunoblastic. 
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TREATMENT FOR LIMITED LARGE-CELL LYMPHOMA achieved a partial response only but went on to develop progressive disease and death from lymphoma; one refused all initial treatment but was successfully treated at disease progression later with a more prolonged chemotherapy course; one was too frail to complete treatment; and two died during chemotherapy, one of a myocardial infarction and the other of infection.
Outcome
Two hundred and four patients are alive (199 free of disease), with a median follow-up for living patients of 86 months (7.3 years). Fifty-five patients have experienced relapse after achieving a complete remission. The median time to relapse was 25 months, with a wide range of 6 to 189 months. The initial site of relapse could be identified in 51 patients: seven in the irradiation field, 42 out of field, and two both in and out of field. Testicular lymphoma was diagnosed at presentation in 27 patients; 12 of these patients experienced relapse, and four of these patients relapsed in the CNS. Fifty-five patients had ear, nose, or throat involvement at diagnosis; 11 of these patients experienced relapse, two in a gastrointestinal site. Five patients were found to have lowgrade or indolent lymphomas at relapse. However, because pathologic information was not available for all patients who experienced relapse, it is likely that this at least moderately underestimated the true incidence of low-grade relapse.
One hundred and four patients have died, 43 from lymphoma, three from toxicity, and 58 from other causes. Of these 58 patients, 18 died of cardiovascular disease (seven with congestive heart failure, six with myocardial infarction, and five with other cardiac problems); 18 patients died of other malignancies (one colorectal, one liver, one pancreas, two esophagus, four lung, two bladder, two head and neck, three primary unknown, one prostate, and one sarcoma,); seven died of neurologic problems (six of these with stroke or hemorrhage), and 15 died of other causes.
The overall survival for the whole cohort is shown in Fig  2. The median survival time was 13.8 years, with 80% of patients alive at 5 years and 63% alive at 10 years. The PFS rate at 5 years was 81% and 74% at 10 years (Fig 3) . The disease-specific survival rate was 87% at 5 years and 82% at 10 years. Age at diagnosis had a significant impact on PFS. Patients 60 years or younger had PFS rates of 90% and 85% at 5 and 10 years, respectively, compared with 75% and 66% for those older than age 60. Both the PFS and overall survival for the 182 patients whose pathology was reviewed as part of other ongoing studies were identical to those for the entire cohort. In addition, there was no difference in PFS or overall survival when the data were analyzed by chemotherapy regimen. However, there was a modest imbalance of prognostic variables across the three chemotherapy regimens (Table 3) . Using Cox regression analysis, we simultaneously compared the effect of treatment and prognostic factors on PFS and found no difference between ACOP-6 and the other two treatment groups.
Because the original IPI had been derived for patients with advanced-stage lymphoma, 13 Miller proposed a modification for patients with limited-stage disease. 6 Adverse risk factors were identified as: age more than 60 years, stage II disease, increased serum LDH, and a performance status of Ն 2. We applied these criteria to our cohort and found that they conferred prognostic discrimination, especially when combined in three distinct groupings. This is listed in Table 4 and Figs 4 and 5. Three groups with quite distinct outcomes emerged. A moderate number of patients (74 patients, 24%) had an excellent prognosis, with a 10-year disease-specific survival rate of 95%. The largest group (203 patients, 66%) also had a good but somewhat less favorable outcome with a 10-year disease-specific survival rate of 81%. A third, smaller group (31 patients, 10%) had an inferior 10-year disease-specific survival rate of 61%.
Review and updating of histopathology was performed in 182 cases (Table 2 ). There were only 21 patients with T-cell or natural killer-cell neoplasms. There were 158 patients with diffuse large B-cell lymphoma. When these two cohorts were compared, there was a trend to poorer outcome, with a difference in 10-year PFS rates (T v B, 65% v 72%; P ϭ .12), but any firm conclusions are unreliable as a result of the small number in the T/natural killer immunophenotype group.
Toxicity
Actual dose delivery and nonlethal toxicity were not prospectively recorded. There were three toxic deaths. A 66-year-old man with a sinus lymphoma did not respond to chemotherapy, developed localized osteomyelitis, and died of sepsis within 3 months of diagnosis. A 72-yearold man developed sepsis shortly after completing his final course of chemotherapy. Finally, a 51-year-old man who had numerous risk factors for cardiovascular disease died of a myocardial infarction shortly after his second dose of chemotherapy.
We did not prospectively measure left ventricular ejection function. As reported above, seven patients died of congestive heart failure a median of 97 months (range, 15 to 192 months) after treatment for their lymphoma. The median age of these patients at diagnosis was 74 years (range, 60 to 78 years). Although the majority of these patients had ischemic cardiomyopathy, the independent additional contribution of doxorubicin cardiotoxicity cannot be ascertained.
We recorded 119 other malignancies, including both those seen before and after the diagnosis of lymphoma, in 87 patients. Fifty-seven malignancies were diagnosed in 46 patients at a median of 60 months (range, 0 to 391 months) before their diagnosis of large-cell lymphoma. Twentyeight of these cancers were nonmelanoma skin cancer. The median age of these patients was 72 years (range, 32 to 85 years) at the time of diagnosis of lymphoma. Sixty-two malignancies were diagnosed in 51 patients a median of 51 months (range, 1 to 186 months) after the diagnosis of large-cell lymphoma. Eighteen of these cancers were nonmelanoma skin cancers. The median age of these patients was 67 years (range, 26 to 85 years). The types of these malignancies are listed in Table 5 . Excluding nonmelanomatous skin cancers, a total of 44 malignancies subsequently developed in 39 treated patients (28 male, 11 Abbreviation: PS, performance status. *For the pair-wise comparison of ACOP-6 with CHOP and ACOB (highest P value cited). female). We were able to ascertain the site of second malignancy and correlate it with the irradiation field in 40 of the 44 tumours. Six of these cancers developed within the previous irradiation field. Using British Columbia incidence rates for 1997, we would have expected to see 16 cancers (excluding nonmelanomatous skin cancer) develop within 51 months for individuals of the same age and sex distribution as in our sample. It is unclear whether the noted excess was a result of the lymphoma treatment, heightened posttreatment surveillance, or a cancer-prone phenotype in these patients. The fact that there was also an excess of other neoplasms diagnosed before the lymphoma (expected, 19; observed, 29) is most consistent with the last of these hypotheses.
DISCUSSION
Three cycles of chemotherapy followed by involvedregion irradiation is effective treatment for the majority of patients with localized large-cell lymphoma. The patients in our experience had stage I or II disease, nodal or extranodal sites of disease, and a median age typical of the spectrum of patients with this condition. Although the irradiation was delivered by a small number of radiation oncologists working at three tertiary referral centers in British Columbia, the chemotherapy was administered by 34 medical oncologists, hematologists, or internists either at the British Columbia Cancer Agency or in the community, with no difference in outcome across the various treatment settings (data not shown). Therefore, we feel these results are applicable to the general population of patients with limited-stage diffuse large-cell lymphoma.
Overall, our program of brief chemotherapy and irradiation was effective, especially for younger patients without negative prognostic factors. However, 25% of patients with one or two risk factors and 50% of those with three or four risk factors experienced disease progression or died from non-Hodgkin's lymphoma within 10 years of their original diagnosis. These results are comparable to other series in the literature with smaller numbers of patients and shorter follow-up times.
6,14-16 Our results seem superior to those with irradiation alone. 17, 18 The randomized Southwest Oncology Group trial reported by Miller et al 6 showed that the addition of irradiation to a short course of chemotherapy, instead of prolonging the chemotherapy, was not only valuable in reducing the number of chemotherapy courses but also produced superior PFS and overall survival results. Our data confirmed that local control with irradiation was excellent (only 18% of patients experienced relapse and only 14% of these relapses occurred exclusively in the previously irradiated field). Because the majority of patients experienced relapse outside the radiated field, it is clear that further improvements in treatment will require more effective systemic therapy. Possible approaches to this problem could include additional chemotherapy or other newer agents for systemic consolidation (monoclonal antibodies, radioimmunoconjugates, and so on). These are all areas for future clinical research.
We did identify one exceptional extranodal site that required a change in management. Twelve of 27 patients with testicular lymphoma experienced relapse after brief chemotherapy and involved-region irradiation. We now recommend a more prolonged course of chemotherapy for these patients before the administration of involved-region irradiation. In addition, four of these patients experienced relapse in the CNS. Because all of these relapses were in the parenchyma and not the leptomeninges, effective prophylactic treatment would need to consist of either high-dose systemic chemotherapy or whole-brain irradiation. Whether the toxicity of such additional treatment would be accept- able to attempt to prevent an event that only affected four of 27 patients is unclear.
As opposed to many reports in the literature, the data from our study are mature. The median follow-up for living patients was 7.3 years. These results allow observations on the long-term outcome for these patients. Half of the relapses occurred before 2 years, but relapses continued to occur up to 15 years after diagnosis, emphasizing the necessity for ongoing follow-up and the pitfalls of drawing conclusions from studies with short follow-up.
As in the general population of older people, other malignancies and cardiovascular disease remain significant causes of subsequent death. Forty-four subsequent cancers (excluding nonmelanomatous skin cancer) developed in 39 patients after treatment. This number seems to be moderately higher than we would have expected on the basis of crude population statistics, but whether this increase was a result of the treatment, an inherent risk as a result of prior diagnosis with non-Hodgkin's lymphoma, or a result of more intensive surveillance cannot be ascertained. Our observation that these patients also had an excess of cancer preceding their lymphoma suggested that at least part of the excess after lymphoma treatment was because of a cancerprone phenotype.
Because our data were assembled during an 18-year period, not all the cases were classified according to the WHO criteria. 8 However, the PFS, overall survival, and disease-specific survival rates of the 182 patients who were reclassified as part of other ongoing studies were identical to those of the overall cohort of patients, which strongly suggested that the phenotypic and subtype mixture remained the same during our entire study period.
Three different chemotherapeutic regimens were used during this 18-year period. These were CHOP or close variations. All contained cyclophosphamide, doxorubicin, vincristine, and prednisone. These modest variations were unlikely to have an overall impact on patient outcome. In fact, there was no difference in PFS or overall survival when these outcomes were analyzed according to chemotherapy treatment protocol. Nevertheless, there was a modest difference in distribution of prognostic variables across these three eras, with the group administered ACOP-6 having significantly fewer poor prognostic risk factors than the earlier two cohorts. Although all the patients were staged in a similar fashion, it is possible that stage migration may have occurred as a result of the availability of higherresolution CT scanners in the last decade. This drift in distribution of prognostic variables highlights the dangers of historical comparisons, even in uniformly assembled cohorts. Given all the available data, including the Southwest Oncology Group randomized controlled trial, 6 we would recommend three cycles of CHOP followed by involvedregion irradiation as the regimen of choice.
Our mature data demonstrate that a program of three cycles of doxorubicin-based chemotherapy and involvedregion irradiation is a successful approach for the majority of patients with limited-stage diffuse large-cell lymphoma. Special groups of patients who have an inferior PFS and overall survival can be identified. Patients with testicular presentation or those with three or four adverse factors using the modified version of the IPI proposed by Miller should be given alternative treatments, preferably in the setting of clinical trials.
